Ontogenetický vývoj nasální oblasti u Discoglossus pictus (Anura: Discoglossidae) by Královec, Karel
Charles University in Prague, Faculty of Science 
Department of Zoology 
Czech Republic 
 
 
 
 
 
 
 
 
DEVELOPMENT OF THE NASAL REGION OF DISCOGLOSSUS PICTUS 
(ANURA: DISCOGLOSSIDAE) 
 
Ph.D. Thesis 
Summary 
 
 
Karel Královec 
 
 
 
 
Prague 2010 
Supervisor: Prof. Doc. RNDr. Zbyněk Roček, DrSc. 
 
  
 
Abstract 
 
Using histological techniques and computer-aided three-dimensional reconstructions made from 
serial histological sections, I studied the ontogenetic development of the ethmoidal endocranium and 
nasal chemosensory organs in discoglossid frog Discoglossus pictus.  
The nasal  cartilages, including the inferior prenasal cartilage, are de novo adult structures. The only 
larva-derived structures of the adult nasal capsules are the posterior  aspects of the solum nasi and 
septum nasi. I identify a  pattern of development for the suprarostral cartilage that differs from previous 
findings, and probably represents the ancestral anuran pattern. I also identify patterns of development 
for the ethmoid plate and postnasal wall that occur during early in ontogenesis. The pattern of timing of 
chondrification of the anterior nasal cartilages more closely coincides with that of the neobatrachian 
species than that recorded for the pelobatid frog Spea.  
The olfactory epithelium in larval D. pictus represents one continuous unit of tissue not divided into 
two separate portions. However, it forms distinct ventromedial diverticulum embeded into roof of the 
buccal cavity. This particular arrangement may enhance chemosensory sampling during larval period 
and this diverticulum might be homologous with the ventral olfactory epithelium of Bufo. The 
vomeronasal organ develops during hindlimb development, which is comparatively late for anurans. The 
development of the vomeronasal organ in D. pictus follows the same general developmental pattern 
recognized for neobatrachians. As with most anurans, the vomeronasal glands appear later than the 
vomeronasal organ.  
This thesis supports a sister taxon relationship between Discoglossus and Alytes. This thesis also 
supports the hypothesis that the most  recent common ancestors of tetrapods was aquatic and 
possessed a vomeronasal organ, and that the vomeronasal organ was secondarily lost in some groups 
of tetrapods.   
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Abstrakt 
 
Pomocí histologických řezů a 3D rekonstrukce z histologických řezů jsem studoval ontogenetický vývoj 
ethmoidálního endokrania a čichového a vomeronasálního orgánu u žáby Discoglossus pictus.  
Chrupavky tvořící adultní ethmoidální pouzdro, včetně cartilago praenasalis inferior, vznikají de novo. 
Jedinými struktrurami adultního ethmoidálního pouzdra, které jsou odvozené z larválního ethmoidálního 
endokrania, jsou kaudální části solum nasi a septum nasi. Popsal jsem vývojový vzorec pro cartilago 
labialis superior, který se výrazně liší od předchozích pozorování a pravděpodobně představuje 
ancestrální vývojový vzorec. Dále jsem popsal vývojové vzorce pro postnasální stěnu a stěnu oddělující 
mozkovnu od ethmoidální oblasti. Tyto struktury se vyvíjejí v průběhu časného larválního vývoje. Časový 
sled chondrifikace struktur přední části ethmoidálního pouzdra odpovídá spíše zástupcům žab skupiny 
Neobatrachia než časovému sledu, který byl popsán u rodu Spea. 
Čichový epitel larev D. pictus není členěn na dorsální a ventrální část a tvoří ho jediná kontinuální 
epiteliální vrstva. Tento čichový epitel však tvoří výraznou ventromediální výchlipku, která se otevírá do 
bukální dutiny. Tato ventromediální výchlipka je pravděpodobně homologická s ventrální částí čichového 
epitelu u zástupců rodu Bufo. Vomeronasální orgán u D. pictus vzniká až v průběhu vývoje zadních 
končetin, což je v porovnání s ostatními žábami poměrně pozdě. Další vývoj vomeronasální orgánu je 
shodný jako u zástupců žab skupiny Neobatrachia. Stejně jako u většiny žab, vznikají vomeronasální 
žlázy později než vlastní vomeronasální orgán . 
Tato práce naznačuje, že rod Discoglossus by mohl představovat sesterskou skupinu k rodu Alytes. 
Výsledky této práce také podporují hypotézu, že poslední společný předek obojživelníků a amniot  byl 
vodní a měl vomeronasální orgán. Vomeronasální orgán zůstal zachován u obojživelníků, byl však 
v průběhu fylogenetického vývoje ztracen u řady skupin tetrapodů.  
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1.  INTRODUCTION  
The nasal region is one of the structures which undergo dramatic remodeling during anuran 
development and metamorphosis. The nasal capsules of adult anurans are formed by an intricate set of 
cavities that house the nasal chemosensory organs. In tadpoles, the nasal region consists of a pair of 
trabecular horns terminated by suprarostral cartilages. These structures provide structural support for the 
olfactory organs. The larval pattern exists until metamorphosis, upon which adult configuration develops 
(e.g., Born 1876, de Beer 1937, Okutomi 1937, Plasota 1974, Roček 2003).  
An understanding of the ontogeny of the nasal region of discoglossids frogs may proven 
especially useful. Discoglossids are among the oldest living frog lineages, dating back at least to the 
Jurassic (Evans et al. 1990) and are considered to be one of the the most basal extant frogs, having 
conserved many plesiomorphic features, both in adults and larvae (e.g., Ford and Cannatela 1993, 
Maglia et al. 2001, Pugener et al. 2003). Understanding anuran phylogeny and the evolution of the 
organ systems in particular depends on knowledge of most „primitive“ frogs. Although, available 
information concerning this complex part of the anuran anatomy is limited (see below), likely because 
the extremely small size of the nasal region of larvae and adults makes it difficult to examine, the nasal 
region of anurans possess morphological features that may provide important clues to the phylogeny 
and morphological evolution of the Anura (Jurgens 1971).  
 Thus, the main goals of this investigation are following. 1) Detailed describtion of ontogeny of the 
ethmoidal endocranium and olfactory and vomeronasal organs in discoglossid frog, Discoglossus pictus. 
2) Discussion of developmental data within a comparative context to identify developmental patterns and 
character states that may have phylogenetic importance.   
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2.  MATERIALS AND METHODS 
In this thesis I examined fourteen individuals at Stages 39, 40, 42/43, 44/45, 46, 47, 49, 50, 51, 
52, 55/56, 59, 61 and 66 of the painted frog Discoglossus pictus (a loan from the Hubrecht Laboratory of 
the Netherlands Institute for Developmental Biology). Tadpoles were lab-raised and staged according to 
the developmental table of Nieuwkoop and Faber (1956); stages are abbreviated as NF in the text. All 
stages were sectioned and stained. Histological sections were stained using Heidenhain's Azan 
trichrome (Gray 1954).  
I used eight individuals (Stages 39, 40, 44/45, 46, 49, 55/56, 59 and 66) to develop 3D models of 
the ethmoidal endocranium and five individuals (Stages 44/45, 49, 55/56, 59 and 66) to develop 3D 
models of the nasal sacs. Three-dimensional models were generated from serial histological sections 
using 3D Studio MAX 6.0 and smoothing was done in Bone-Viewer, a program specially written for this 
purpose by Ysoft Co.  
I took the photographs using a Nikon Eclipse 80i microscope fitted with a Nikon DS-5M digital 
camera. Illustrations were made from photographs using Corel Draw 11.0 and Corel Photo-Paint 11.0.  
Anatomical terminology, in general, follows that of the Amphibian Anatomical Ontology (Leopold 
et al. 2007, Maglia et al. 2007) and Scalia (1976). Terms for higher taxonomic units within the Anura 
follow Ford and Cannatella (1993). Evolutionary considerations are based on the hypothetical 
phylogenetic relationships among the major clades of frogs given by Ford and Cannatella (1993). 
The material is deposited in the collections of the Department of Zoology, Charles University in 
Prague and the Department of Biological and Biochemical Sciences, University of Pardubice in 
Pardubice. 
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3.  RESULTS  
Ontogeny of the ethmoidal endocranium 
Timing of development of the ethmoidal endocranium is summarized in Table 1.  
 
Table 1  The earliest records of some larval structures in the development of Discoglossus pictus. x the 
earliest record of structure with no precursor; )-( structure originating by separation from precursor; (-) 
structure originating by fusion of preexisting structures; → structure originating by transformation of 
precursor 
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 trabeculae (mesenchyme) 
 
X 
 trabecular horns (mesenchyme) X 
 suprarostral corpora (cartilage) )-( 
 suprarostral alae (mesenchyme) )-(  
 trabecular plate (mesenchyme) (-) 
 septum nasi (cartilage) → 
 septum nasi (cartilage) X 
 columnae ethmoidales (mesenchyme) X 
 lamina orbitonasalis (cartilage) X 
 undifferentiated mandibular pharyngeal 
 arch (mesenchyme) X 
 infrarostral (mesenchyme) )-( 
 Meckel’s cartilage mesenchyme) )-( 
 palatoquadrate (mesenchyme) )-( 
 anterior quadratocranial commissure 
 (mesenchyme) X 
 admandibular X 
 inferior prenasal cartilage(cartilage) X 
 superior prenasal cartilage (cartilage) X 
 tectum nasi (cartilage) X 
 solum nasi medial portion (cartilage) → 
 solum nasi lateral portion (cartilage) X 
 alary cartilage cartilage) X 
 oblique cartilage (cartilage) X 
 median prenasal process 
 (mesenchyme) 
X 
 basimandibular X 
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Stage 66 (final stage) 
NF Stage 66 represents a fully metamorphosed froglet without a tail. The main components of the 
ethmoidal endocranium are two nasal capsules separated from one another by the septum nasi. 
Internally, each nasal capsule is formed by a complex of the cavities. The largest nasal cavity, which is 
also the most dorsal, is the cavum principale. Moreover, two accessory cavities, the cavum inferius and 
the cavum medium, are located ventrally and laterally, respectively. Laterally, the septum nasi is 
continuous with the anterior nasal walls of the nasal capsules, and extends out anteriorly in the midline 
as the median prenasal process. The lateral portion of the anterior wall of the nasal capsule is occupied 
by the alary cartilage, which is attached anteriorly to the superior prenasal cartilage and ventrally to the 
lamina superior. The lateral wall of the nasal capsule is incomplete and consists of several structures. 
The oblique cartilage runs posterolaterally across the dorsal and lateral part of the nasal capsule, 
separating the fenestra nasolateralis from the area through which the external naris opens. Anteriorly, 
the oblique cartilage is connected to the tectum nasi, whereas posteriorly it is connected to the anterior 
surface of the postnasal wall by the paranasal commissure. Additionally, the posterolateral end of the 
oblique cartilage is fused to the lamina inferior by the planum terminale. The paries nasi is a elongate 
structure that  forms the ventrolateral wall of the nasal capsule. The paries nasi merges with the lamina 
inferior dorsally, and the crista subnasalis ventrally. The oblique cartilage, alary cartilage, tectum nasi, 
and the lamina inferior all forms the margin of a large fenestra endonarina communis that contains the 
external naris. The postnasal wall is pierced by two openings: the large medial orbitonasal foramen 
housing medial ramus (= ramus medialis nasi) of the ophthalmic nerve and the smaller lateral orbitonasal 
foramen housing the lateral ramus (= ramus lateralis nasi proper) of the ophthalmic nerve. The distal end 
of the postnasal wall is expanded to form the planum triangulare. The planum triangulare bears both an 
anterior and a posterior maxillary process. Lower jaw is a U - shaped arch of cartilage. Both halves of the 
lower jaw are joined rostrally by a flexible symphysis. 
Stage 39 
Early signs of mesenchymal condensation are detected. This early condensation corresponds 
with the rudimentary trabeculae and mandibular arch  (Figs. 5, 6). The mandibular arch is represented by 
a continuous, vertical  strip of mesenchyme, located perpendicular to the trabeculae. It is difficult to 
differentiate, at this stage, among Meckel’s cartilage, the palatoquadrate and the infrarostral. A rostrally 
directed process extends off of the ventral part of the mandibular arch (Fig. 5, 6). This process seems to 
represent the prospective suprarostral ala.  
Stage 40 
The skull consists exclusively of mesenchyme. Its principal components are rudimentary 
trabeculae expanding anteroventrally. Judging from a position of a the anterior quadratocranial 
commissure and from the condition in Stage 46 when the trabecular plate appears, the trabecular horns 
are represented by only small outgrowths on the ventromedial tips of the trabeculae. Other elements on 
either side are the mandibular arch, and a large and transversely located ceratohyal. Close to the 
anterior edge of the palatoquadrate there is a small condensation that represents the rudiment of the 
suprarostral ala Thus, it seems that the suprarostral alae originate from the mandibular arch. 
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Stage 42/43 
The skull still consists exclusively of mesenchyme. The general shape of the skull has changed 
little since NF 40. The mandibular arch begins to differentiate into the infrarostral and Meckel's cartilage. 
The palatoquadrate continues to rotate anteriorly.  
Stage 44/45 
The trabecula, palatoquadrate, Meckel's cartilage, and infrarostral chondrify but the connection 
between Meckel's cartilage and the infrarostral is mesenchymal. Likewise, the tip of the trabecular horn 
(the prospective suprarostral corpus) and the suprarostral ala are mesenchymal. A short section of the 
lateral edge of the palatoquadrate expands anterodorsally to form the muscular process, which is 
triangular in shape. Both trabeculae continue to expanding anteriorly and posteriorwards. 
Stages 46, 47  
At NF Stage 46, a thin connection consisting of fibroblasts and chondroblasts is established 
between the trabeculae. It represents the earliest rudiment of the trabecular plate. The suprarostral ala 
chondrifies and the last parts of the ethmoidal endocranium, which are still formed by mesenchyme, are 
the tips of the trabecular horns. The palatoquadrate attains nearly a horizontal position and the anterior 
quadratocranial commissure forms a little process on its anterior edge which, in later stages, is a point of 
attachment of the quadratoethmoid ligament. The floor of the of the endocranium bears large fenestra, 
the basicranial fenestra. The basicranial fenestra is bordered anteriorly by the trabecular plate and 
laterally by the trabeculae. By stage 47, the trabecular plate begins to chondrify in a posteroanterior 
direction. 
Stage 49 
The ethmoidal endocranium consists completely of newly formed cartilage. The trabecular horns 
continue to expand anteriorly and their terminal vertical parts become separated. Thus, it seems that the 
suprarostral corpora are derivatives of the trabecular horns. The trabecular plate continues to chondrify. 
The suprarostrals alae extend towards the medial suprarostrals. The infrarostrals fuse with one another 
in an unpaired lower larval jaw. Its connections with Meckel's cartilages on both sides are transformed 
from mesenchymal to movable joints. At this stage, ligaments can be recognized connecting structures 
of the ethmoidal endocranium. The quadratoethmoid ligament connects the quadratoethmoid process to 
the ventrolateral edge of the trabecular horn. A short and thick mandibulosuprarostral ligament connects 
the posterior surface of the suprarostral ala to the dorsomedial surface of Meckel's cartilage. The lateral 
circumoral ligament is stretched between the posterior dorsal edge of the suprarostral ala and the 
articular portion of the palatoquadrate.  
Stages 50, 51, 52 
During these stages the ethmoid plate (wall separating the internasal space from the braincase) 
develops. The formation of the ethmoid plate starts with development of the septum nasi, that arises as a 
medial dorsal growth from the trabecular plate. Later, it merges to the median margins of the columnae 
ethmoidales, forming a complete wall that separates the internasal space from the braincase. The 
columnae ethmoidales may be recognized as early as NF Stage 51 as small condensations above the 
olfactory nerves. It is still paired at Stage 52 when its rudiments become cartilage. 
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Stage 55/56 
The ethmoid plate, the anterior wall of braincase, is cartilaginous and complete with no signs of 
its origin. The ethmoid plate is pierced by a pair of large olfactory foramina which are located 
anterolaterally to the braincase. The developing septum nasi gradually expands anteriorly below the 
intertrabecular ligament. Also, the rudiment of the lamina orbitonasalis, the earliest part of the postnasal 
wall separating the nasal capsule from the orbit, may be recognized. The suprarostral corpora fuse with 
each other and become an anteroposteriorly compressed, U-shaped vertical plate termed the 
suprarostral corpus. Its articulation with the trabecular horns is syndesmotic. The coalesced suprarostral 
corpora are fused laterally to the suprarostral alae. A small element consisting of fibrous tissue, which 
we consider to be the admandibular, is joined to the anteroventral surface of Meckel's cartilage. 
Stage 59 
The ethmoidal endocranium undergoes profound changes. The original U-shaped suprarostral 
corpus is nearly completely disintegrated. The connection of the suprarostral corpus with the suprarostral 
alae is lost. The suprarostral alae move ventrolaterally and are considerably resorbed along their edges. 
The trabecular horns markedly change their shape due to resorption along their dorsolateral and ventral 
edges, and become considerably shorter due to resorption of their anterior parts. The nasal capsules 
develop dorsolateral to the trabecular horns. A newly formed cartilage is deposited between the vestigial 
trabecular horns to form the anterior part of the septum nasi. The septum nasi expands anteriorly and 
dorsolaterally to form the posterior part of the tectum nasi. However, in the anterior part of the nasal 
capsule the tectum nasi arises independently of the septum nasi. During the following development it 
extends medially to fuse with the tectum of the opposite side as well as with the septum nasi. Just 
anterior to the anterior end of the septum nasi there is a completely isolated condensation of 
mesenchyme, which represents the anterior nasal wall and median prenasal process. The lateral part of 
the solum nasi consists partly of mesenchyme and partly of young cartilage of the nasal capsule, 
whereas its medial part is derived from the trabecular horn. The inferior prenasal cartilages develop 
close to the anterior ends of the disintegrating trabecular horns. They are formed by young cartilage 
clearly distinguishable from cartilage of the trabecular horns. The anterior part of the developing nasal 
capsule consists of the solum and tectum nasi; in addition, there is also the alary cartilages and the 
superior prenasal cartilages. On each side of the septum nasi, between the trabecular horns and the 
anterior part of the tectum nasi, there is large fenestra nasobasalis. The lateral part of the nasal capsule 
is far from complete. It consists of the oblique cartilage and a narrow strip of cartilage, which connects 
the oblique cartilage to the anterior part of the postnasal wall. At this stage, the ventrolateral margin of 
the oblique cartilage ends freely. The oblique cartilage, tectum nasi, and strip of cartilage between the 
oblique cartilage and anterior part of the postnasal wall all forms the margin of a incipient fenestra 
nasolateralis. The crista intermedia develops as dorsal continuation of the solum nasi and its medial part 
is fused to the tectum nasi adjoining the septum nasi. The crista intermedia bifurcates into laterally 
directed lamina superior and ventolaterally directed lamina inferior. The lamina orbitonasalis expands 
distally, where passes to the planum triangulare. The planum triangulare bears two processes, the 
anterior maxillary process is directed anteriorly, whereas the other, the posterior maxillary process, is 
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directed posteriorly. The planum triangulare as well as the anterior and posterior maxillary processes, 
are still formed by mesenchyme. Both Meckel's cartilages are fused indistinguishably with the 
infrarostrals, however, both halves of the lower jaw are interconnected by an unpaired, well defined and 
rather swollen tissue element, the basimandibular. The histological picture of the lower jaw suggests that 
its elongation is mainly the result of growth of the infrarostral and of the anterior half of Meckel's 
cartilage, combined with erosion of the cartilage on its surface. 
Stage 61 
The ethmoidal endocranium consists of newly formed cartilage and presents the 
postmetamorphic morphology. Suprarostral cartilage and trabecular horns are completely resorbed. The 
fenestra nasobasalis becomes smaller and chondrification proceeds in posteroanterior direction. The 
cartilaginous upper jaw consists of the anterior maxillary process and posterior maxillary process. The 
posterior maxillary process forms anterior part of the subocular bar. The posterior part of the subocular 
bar is formed exclusively by the anterior quadratocranial commissure, which becomes elongated due to 
rotation and reduction of the palatoquadrate. The medial part of the subocular bar appears to be 
histologically older than the lateral part. This reflects fusion between the posterior maxillary process and 
the anterior quadratocranial commissure. The area is also marked by the posterior attachment of the 
quadratoethmoid ligament, although this ligament loses its anterior attachment. The lower jaw is 
considerably elongated and its former divisions (the median tissue swelling in the midline, infrarostrals 
and Meckel's cartilages) cannot be recognized any more. 
 
Ontogeny of the olfactory and vomeronasal organs 
Stage 66 (final stage) 
The chemosensory organs are completely embeded in the olfactory capsule The external nares 
are located at the anterior end of the cavum principale and open into dorsolateral portion of the chamber. 
The internal nares are located posteriorly on the floor of the cavum principale. The olfactory organ 
consists of three interconnected chambers: the cavum principale, the cavum medium, and the cavum 
inferius with its medial and lateral recess. The cavum principale is the largest and the most dorsal 
chamber. Below the anterior end of the cavum principale, set off somewhat laterally, is the cavum 
medium. The cavum medium is relatively small dorsoventrally flattened sac. Its lateral part gives rise to 
the nasolacrimal duct. The posterior end of the cavum medium communicates both with the cavum 
principale and medial recess of the cavum inferius through a short channel common to all three 
chambers. The medial recess of the cavum inferius (vomeronasal organ) is located ventral to the medial 
aspect of the cavum principale, and extends ventrolaterally to the recessus lateralis of the cavum 
inferius. The lateral recess runs posteriorly through the internal naris to continue as lateral palatal 
groove. The cavum medius and lateral recces of the cavum inferius are lined with nonsensory 
epithelium. The medial recess of the cavum inferius is lined with thick vomeronasal epithelium in the 
medial, ventromedial and dorsomedial portion of the organ. The olfactory epithelium covers all surfaces 
of the cavum principale, except where the cavum prinipale connects to the lateral recces. 
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Stages 39, 40 
The olfactory organs are situated in the anterior portion of the skull, ventrolaterally to the 
telencephalon, and anteriorly to the developing buccal cavity. They are separated from each other by 
the anterior tips of the trabeculae. The epithelium of the olfactory organ is still undifferentiated. The 
cavum principale, cavum medium, cavum inferius, and vomeronasal organ have not developed. By 
stage 40, the olfactory organ undergones growth, increasing in the anteroposterior and lateral 
dimensions.   
Stage 42/43 
At NF Stage 42/43, the cavum principale has started to form. The cavum principale is cylindrical 
and unites with the anterior buccal cavity via the internal nares. The external nares are located at the 
anterior end of the cavum principale. The developing olfactory epithelium is located on the medial and 
dorsal aspects of the cavum principale. The lateral and ventrolateral aspects of the cavum principale are 
lined with nonsensory epithelium. 
Stages 44/45, 46 
During these stages the cavum principale continues to increase in size and has the appearance 
of flattened egg. The olfactory epithelium is located on the medial and dorsal aspects of the cavum 
principale. The nonsensory vestibule connects the external nares to the cavum principale. The external 
nares are located on dorsolateral aspect of the cranium and open into the lateral aspect of the cavum 
principale . The internal nares possess a valve-like structures at the junction between the bucal cavity 
and the cavum principale. In the posterior region of the buccal cavity the medial flap of tissue is longer 
than lateral flap. By NF stage 44/45, the dorsolateral wall of the cavum principale forms distinct 
diverticulum; this diverticulum corresponds to the lateral appendix. The wall of the lateral appendix 
consists of two or three rows of cells. 
Stages 47, 49 
The cavum principale increases in size and has a shape of an ellipse. The olfactory epithelium 
remains located on the medial and dorsal aspects of the cavum principale. The vestibule increases in 
length and is guarded by valves. The external nares shift slightly dorsally, but remain located on the 
dorsolateral side of the cranium. By NF stage 47, the olfactory epithelium pinches off from the 
ventromedial aspect of the cavum principale to develop a diverticulum. This diverticulum is positioned 
ventral to the anterior braincase and opens into the buccal cavity anterior to the internal naris . 
Stages 50, 51, 52 
 The cavum principale extends further medially, but most morphological characteristic of the 
cavum principale remain basically the same. The valves that surround the vestibule are more prominent. 
At NF stage 50, the vomeronasal epithelium appears as a ventromedial evagination at the anterior 
portion of the cavum principale.  
Stage 55/56 
 The cavum principale continues to stretch medially and enlarging. The buccal cavity increases in 
size and extends laterally beyond the buccal cavity. Short flaps of tissue remains on the medial and 
lateral borders of the internal nares. The vomeronasal organ continues to expands ventrally to form a 
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diverticulum at the anterior end of the cavum principale. The cavity of the vomeronasal organ is lined 
with narrow band of of the vomeronasal epithelium on either side. The vomeronasal glands begin to 
develop between the dorsolateral portion of the trabecular horns and olfactory epithelium. The 
vomeronasal glands are adjacent to the dorsomedial portion of the vomeronasal organ. The 
ventromedial diverticulum remains exposed in the roof of the buccal cavity, similar to early stages. The 
olfactory epithelium increases in thickness, principally in the dorsal region of the cavum principale. 
Stage 59 
The developing olfactory capsule starts to encapsulate the cavum principale and vomeronasal 
organ. The buccal cavity transforms into the oral cavity, loss ventromedial diverticulum and larval 
mouthparts. The internal nares still possess flaps of tissue at the juncture between the cavum principale 
and developing oral cavity. The cavum principale is cylindrical and oriented anteroposteriorly. The 
olfactory epithelium expands to line not only the medial and dorsal surfaces, but also the lateral wall of 
the cavum principale. The Bowman's glands that produce mucus are embeded in the olfactory epithelium 
of the cavum principale. The lateral appendix becomes highly reduced in size and becomes incorporated 
in the olfactory epithelium of the cavum principale as a tiny vestige. At the level where the lamina inferior 
becomes separated from lamina superior, the cavum principale is confluent with a new nasal cavity, the 
cavum medium through an infundibulum. The cavum medium is dorsolateral to the vomeronasal organ, 
ventral to the cavum principale, and ventrocaudal to the external naris. The cavum medium is lined with 
nonsensory epithelium. The nasolacrimal duct extends caudally from the cavum medium to the eye. The 
vomeronasal organ grows medially, caudally, and the vomeronasal cavity increases in size. The 
vomeronasal epithelium continues to increase in thickness. Also, the vomeronasal glands increase in 
size to form claster of ducts. The intermaxillary gland develops and is ventral to the solum nasi. The 
palatal glands develop above palatal epithelium just posterior o the intermaxillary gland. Also, the lateral 
nasal gland develops in the conective tissue between the lateral side of the cavum principale and the 
ollique cartilage. At this stage, the lateral recess develops as a ventral outpocketing of the cavum 
principale. Consequently, the lateral recces, vomeronasal cavity, and cavum principale are all 
continuous. 
Stage 61 
  The lateral recces elongates mediolaterally and rostrocaudally to form lateral part of the cavum 
inferius. The medial part of the cavum inferius represents vomeronasal organ. The cavum inferius is 
shaped like a flattened cylinder with the long axis oriented mediolaterally. The cavum inferius is lined 
with vomeronasal epithelium on the medial, dorsomedial, and ventromedial surfaces, whereas the lateral 
part is lined with nonsensory epithelium. The vomeronasal organ has increased in size, mediolaterally, 
and continues to shift medially in relation to the cavum principale. The lateral appendix and flaps at the 
junction at the junction between the bucal cavity and cavum principale disappear completely. The 
vestibule is reduced in size and external nares shift dorsally. 
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4.  DISCUSSION  
Ontogeny of the ethmoidal endocranium 
The upper jaw of frogs tadpoles is supported by suprarostral cartilages. Suprarostral cartilages 
are absent in other vertebrates. They have a characteristic structure (ala and corpus part) and an 
articulation with the trabecular horns (e.g., Sokol 1981, Haas 2003). The developmental origin of these 
unique cartilages has been unclear for a long time. In the ranid frog, Rana temporaria  the suprarostral 
cartilage appears initially as paired procartilaginous primordia in the anterior ethmoid region, which later 
fuse with the trabecular horns posteriorly (Stöhr 1882, Spemann 1898). During development, these 
primordia extend medially and laterally to form the medial corpus and the lateral alae (Stadmüller 1936). 
Kerney at al. (2007) show that also the larval suprarostral plate of pipoid frogs develops from the paired 
anterior primordia. The development of the suprarostral cartilage is different in Discoglossus pictus. First, 
in D. pictus  suprarostral cartilage arises from tetrapartite primordia. Second, the suprarostral ala seems 
to be derived from the mandibular pharyngeal arch instead of the trabecular horn. Third, the suprarostral 
corpora develop in the same manner as in R. temporaria, but condensation of the mesenchyme 
proceeds in posteroanterior direction. 
In discoglossids, bombinatorids, and Ascaphus the suprarostral cartilage articulates with the 
trabecular horns by the medial corpus (van Seters 1922, van Eeden 1951, Sokol 1981). In these 
phylogenetically basal families the suprarostral ala does not articulate with the trabecular horn. 
Moreover, the lateral circumoral ligament is not attaches to the trabecular horn, but to the suprarostral 
ala in discoglossids, bombinatorids, and Ascaphus  (van Eeden 1951, Sokol 1981). These similarities in 
suprarostral morphology suggest that D. pictus shares a developmental pattern for the suprarostral 
cartilage with Ascaphus, bombinatorids, and other discoglossids, thus it might represent a plesiomorphic 
condition for the Anura. These findings may have consenquences for interpretation of evolutionary 
patterns of tadpole structures based on the larval types as defined by Orton (1953). The pattern of 
development for the suprarostral cartilage described here supports the idea that larval Type III 
(Ascaphus, discoglossids, bombinatorids) closely resembles the tadpole of the hypothetical ancestral 
anuran (Sokol 1975, Ford and Cannatela 1993). Sokol (1975) rejected Orton's (1957) and Starrett's 
(1973) interpretation that the fused  suprarostral cartilages of pipoid larvae (Type I, Orton, 1953) are 
plesiomorphic for anurans and that larval Types II, III and IV evolved from larval Type I. Sokol (1975) 
also rejected Starrett's (1973) opinion of structural simplicity as being plesiomorphic in anuran tadpoles. 
Consequently, Pugener et al. (2003) suggested that the straight fused suprarostral (e.g., pelobatoids, 
pipids) would derive from taxa having larvae with beakbearing cartilages. 
The nasal capsules are de novo, functionally adult structures that begin development during pre 
and prometamorphosis (sensu Hall at al. 1997, Shi 2000). The septum nasi appears at NF Stage 50 and 
the columnae ethmoidales at Stage 51. Each lamina orbitonasalis chondrifies during Stage 55/56. These 
are followed by anterior nasal cartilages, which chondrify almost simultaneously around Stage 59. My 
observations are comparable to those presented by Kraemer (1974) for D. pictus, by de Jongh (1968) for 
R. temporaria (Ranidae) and by Haas (1999) for Pyxicephalus adspersus (Ranidae). In contrast, anterior 
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nasal cartilages do not develop simultaneously, but one after another in the pelobatid frogs, Spea 
intermontana (Hall and Larsen 1998) and Spea multiplicata (Pugener and Maglia 2007). Around Stage 
59, all the major elements of the nasal capsules are formed. This discrepancy seems to support the 
precocious onset of chondrogenesis of the nasal skeleton of Spea (Pugener and Maglia 2007) when 
compared to D. pictus and neobatrachian species. Precocious onset of chondrogenesis of the nasal 
skeleton in Spea may correlate with the occurrence of rapid development in this genus (Dunlap and 
Sanchiz 1996). 
During early development the olfactory organ lies anterolaterally to the telencephalon. Due to 
differential growth between brain and the nasal sacs, the relationship changes in most Anura. 
Consequently, the nasal capsules usually lie forward and ventrolaterally to the anterior braincase 
(Jurgens, 1971). In D. pictus the anterior division of the braincase is still situated between the posterior 
divisions of the nasal capsules. This might be a plesiomorphic condition for the Anura. Such condition 
was also found in Urodela (e.g., Schuch, 1934; Regel, 1968) and two the primitive genera Ascaphus and 
Leiopelma (van Eeden, 1951; Stephenson, 1951).  
The development of the anuran ethmoid plate (wall separating the internasal space from the 
braincase) is not well known. The formation of the ethmoid plate in D. pictus  starts with development of 
the septum nasi, which arises as a medial dorsal growth from the trabecular plate, subsequently uniting 
to the medial margins of the columnae ethmoidales and closing off the braincase from the internasal 
space. Thus, at no time does a tectum internasale and a fenestra precerebralis exist in D. pictus, like 
that in Rana fusca (Ranidae; Gaupp 1893) and Pelobates fuscus (Pelobatidae; Born, 1876, Plasota, 
1974). On the other hand, D. pictus  seems to share the developmental pattern for the ethmoid plate with 
the discoglossid frog, Alytes obsterticans (van Seters 1922). However, it is unclear wheather these facts 
have any phylogenetic significance or affects the homology of the structure finally formed. 
The postnasal wall separates the nasal capsules from the orbits. In D. pictus the postnasal wall 
originates from the orbitonasal lamina which arises ventrolaterally from the ramus medialis narium and 
anterodorsally adjoins the anterior quadratocranial commissure. In further development, the commissure 
looses its contact with the braincase wall and becomes attached to the caudally directed process (the 
posterior maxillary process) of the lamina orbitonasalis to form the adult subocular arch. This general 
developmental pattern holds for all anurans (e.g., Swanepoel 1970, Roček 1993, 2003). Recently, 
(Pugener and Maglia  2007) an alternative view has been proposed that considers the postnasal wall to 
be composite structure composed of the lamina orbitonasalis ventrally and the tectum nasi dorsally. I can 
not confirm or refute Pugener's and Maglia's (2007) observation, but the lamina orbitonasalis forms 
initially ventrolaterally from the ramus medialis narium. 
Jarvik (1942, 1980) and Jurgens (1971) suggested that the side-wall of the nasal capsule was 
fairly complete in anuran ancestors. During the ontogeny of many anurans the nasal lateral wall is 
extensively formed and cartilage erosion take place during late ontogeny (Maglia and Pugener 2007). 
Such cartilage resorption most probably occured during their phylogeny too. Depending on the degree of 
cartilage resorption, the adult nasal capsule may possess a single lateral window (the fenestra 
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nasolateralis) or two windows (the fenestra dorsalis and fenestra lateralis) separated from each other by 
a medial cartilaginous bridge reaching between the oblique cartilage and the tectum nasi (Jurgens 
1971). The fenestra nasolateralis may also be bounded ventrally by a cartilaginous bridge, the paranasal 
commissure, connecting the planum terminale and the postnasal wall. A comparable condition exist in D. 
pictus indicating that D. pictus is ancestral in this respect. In D. pictus, the dorsolateral nasal wall of the 
nasal capsule is fairly complete at NF Stage 59. The tectum nasi, however, is resorbed during 
subsequent development, resulting in a large fenestra nasolateralis and more differentiated oblique 
cartilage. The paranasal commissure is present in several species of the families Bufonidae (Michael 
1961, Stadmüller, 1936, Sedra 1950), Pelobatidae (Hall and Larsen 1998, Pugener and Maglia 2007, 
Jurgens 1971) and in species Brachycephalus ephippium (Brachicephalidae; McLachlan, 1943) and 
Gastrotheca riobambae (Hylidae; Haas, 1996). Brachycephalus ephippium and Gastrotheca riobambae 
are the only species in which both bridges occur. 
The nasal floor of anurans usually bears two pairs of fenestrae, the fenestrae endochoanales and 
fenestrae nasobasales. In D. pictus, the anterior fenestrae nasobasales form as a result of the 
incomplete development of the floor of the medial recess. In D. pictus the fenestra nasobasalis is 
positioned almost laterally to the medial prenasal process and anteromedially to the root of the inferior 
prenasal cartilage. Position, relative size, fenestra nasobasalis are features that D. pictus shares with 
most ranids, hylids, bufonids, pelobatids (e.g., Gaupp 1893, Higgins 1920, Jurgens 1971, Hall and 
Larsen 1998, Pugener and Maglia 2007) and with A. obstetricans (Discoglossidae; van Seters 1922, 
Maree 1945). In bombinatorids, the fenestra nasobasalis is positioned so far caudally that it lies medially 
to the attachment of the inferior prenasal cartilage (Born 1876, Slabbert 1945, Jurgens 1971). A similar 
condition was described for Ascaphus and Leiopelma (van Eeden 1951, Stephenson 1951). It may be 
assumed that Ascaphus and Leiopelma represent the plesiomorphic condition with respect to this 
particular feature. Moreover, the condition obtaining in Ascaphus and Leiopelma and developmental 
pattern described here supports Jurgens' (1971) suggestion that the fenestra nasobasalis has shifted 
from caudal to the terminal position during phylogeny. 
The crista intermedia is characteristic feature of the Anura. The crista intermedia serves as 
skeletal boundary between the cavum principale and the cavum inferius, especialy that part of the cavum 
inferius which houses the medial recess. In D. pictus the medial margin of the crista intermedia is fused 
to the anterior part of the tectum nasi dorsally to the fenestra nasobasalis, while the medial recess abuts 
against the septum nasi, ventromedially to the anterior part of the cavum principale. Similar condition 
was observed in several neobatrachian species belonging to the Ranidae, Myobatrachidae, 
Brachicephalidae, Bufonidae and Arthroleptidae (Gaupp 1893; du Toit 1934, McLachlan 1943, 
Badenhorst, 1945, Maas 1945, Jurgens 1971). The position of the crista intermedia in the bombinatorids 
and in Ascaphus and Leiopelma differs significantly from that in D. pictus. In these genera the medial 
recess lies far ventrolaterally, while the medial margin of the crista intermedia is fused to the 
medioventral nasal wall (Born 1876, Stadmüller 1936, Slabbert 1945, van Eeden 1951, Stephenson, 
1951). In A. obstetricans (Discoglossidae; Maree 1945), pelobatids (Jurgens 1971, Roček 1981, 
Pugener and Maglia 2007), Hypopachus cuneus (Microhylidae; Jurgens, 1971) and Gastrotheca 
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riobambae (Hylidae; Haas 1996), however, the crista intermedia is fused to the mid-section of the 
septum nasi. The various positions occupied by the crista intermedia may support Jurgens' (1971) 
opinion on the phylogenetic migration of the medial recess. Comparing D. pictus  to other discoglossids 
and bombinatorids it can be assumed that D. pictus have achieved a far more derived condition. 
 The reports about the developmental origin of the inferior prenasal cartilages are contrasting. 
Parker (1876) believed that the inferior prenasal cartilages are in fact the preserved anterior portions of 
the trabecular horns. This a view was followed by Stephenson (1951) and Hall and Larsen (1998). Roček 
(1981) suggested that in the pelobatid frog, Pelobates fuscus, the inferior prenasal cartilages originate 
from the vestigial trabecular horns and from remnants of the suprarostral cartilages. In D. pictus  the 
inferior prenasal cartilages develop laterally from the anterior ends of the trabecular horns, as de novo 
condensation, simultaneously with other parts of the nasal capsule. Accordingly, Haas (1996) and 
Pugener and Maglia (2007) disputed any possibility that the inferior prenasal cartilages would be derived 
from the trabecular horns and they suggested that they are de novo chondrifications 
 
Ontogeny of the chemosensory organs 
The larval arrangement of the olfactory epithelium of the D. pictus differs from bufonids (Khalil 
1978 a, b, Jermakowicz et al. 2004) and other neobatrachian frogs (Cooper 1943, Tsui 1946a, Tsui and 
Pan 1946, Scalia 1976, Taniguchi et al. 1996a, b). The larval olfactory epithelium of bufonids is divided 
into two segments, dorsal and ventral olfactory epithelium. The dorsal olfactory epithelium lines the 
medial portion of the cavum principale and the ventral olfactory epithelium is embedded in the roof of the 
buccal cavity or the ventromedial wall of the cavum principale (Jermakowicz et al. 2004). During 
metamorphic climax of the Bufo americanus the ventral olfactory epithelium disappears and the tongue 
and associated structures develop (Jermakowicz et al. 2004). In D. pictus the larval olfactory epithelium 
does not divide into two segments. However, the ventromedial wall of the cavum principale forms distinct 
diverticulum, which is lined with the olfactory epithelium. This diverticulum is embedded in the roof of the 
buccal cavity and has its surface exposed to the buccal cavity during stages NF 47-NF 59. Based on its 
position, the ventromedial diverticulum in the roof of the buccal cavity may be homologous to the ventral 
olfactory epithelium of Bufo. Similar diverticulum has been reported only in Alytes obstetricans 
(Discoglossidae; Rowedder 1937, Yvroud 1966). This morphological character may represent a 
synapomorphy for discoglossids tadpoles. 
It has been suggested that the ventral olfactory epithelium, exposed to organic matter in the 
buccal cavity, provides an analogous chemosensory function in the tadpoles as taste buds in the adult 
tongue (Jermakowicz et al. 2004). During NF 59 of D. pictus, the ventromedial diverticulum disappears 
and the tongue and associated structures develop. The appearance of the tongue at this time supports 
this suggestion. In other neobatrachian frogs the olfactory epithelium does not divide into two segments 
and have epithelia in cavum principale and buccal cavity completely separated (Cooper 1943, Tsui 
1946a, Tsui and Pan 1946, Scalia 1976, Taniguchi et al. 1996a, b).  
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The vomeronasal organ is a specialized nasal chemosensory system found only in tetrapods. 
Vomeronasal organ is specialized for detection of nonvolatile compounds with a high molecular weight 
(Halpern and Kubie 1980; Halpern 1987). In D. pictus the vomeronasal organ forms from evagination of 
the olfactory epithelium on the rostroventral surface of the cavum principale. During metamorphosis, the 
vomeronasal organ connects to the lateral recces and shifts mediocaudally. After metamorphosis, the 
vomeronasal organ is located along the medial side of the cavum inferius, ventral to the olfactory 
epithelium. The developmental pattern, described here for D. pictus, resembles that of A. obstetricans 
(Discoglossidae; Rowedder 1937, Yvroud 1966) and several neobatrachian species (Cooper 1943, Tsui 
1946a, Tsui and Pan 1946, Khalil 1978a, b, Taniniguchi et al. 1996a, Jermakowicz et al. 2004, Wang et 
al. 2008). In contrast, morphological changes in the vomeronasal organ of the basal frog Ascaphus truei 
(Baard 1987) differs from that of the discoglossid and neobatrachian species.  
The vomeronasal epithelium initially appears at NF 50 in D. pictus. It means, 13 days after hatch 
(NF 37/38) and approximately 10-11 days after hindlimb development (NF 46). Jermakowicz et al. (2004) 
concluded that the vomeronasal organ appears early in most frogs, including the directly developing frog 
Eleutherodactylus coqui. In most metamorphic frogs the vomeronasal epithelium typically occurs shortly 
after hatching, long before hindlimb development (Cooper 1943, Tsui 1946, Tsui and Pan 1946, 
Nieuwkoop and Faber 1956, Taniguchi et al. 1996b). Exceptions include the bufonids, B. americanus 
and B. regularis, where it appears later, during middle hindlimb development (Khalil 1978a, Jermakowicz 
et al. 2004). Likewise, in D. pictus  the vomeronasal organ develops later, in a larval life, during hindlimb 
development. The vomeronasal epithelium appears earlier than the vomeronasal gland in D. pictus, as 
also was observed in most other frogs (Tsui 1946a, Tsui and Pan 1946, Nieuwkoop and Faber 1956, 
Yvroud 1966, Taniguchi et al. 1996b). In bufonids, however, the vomeronasal epithelium and 
vomeronasal gland appear simultaneously (Jermakowicz et al. 2004, Khalil 1978a).  
For many years, it has been suggested that the origin of the vomeronasal organ in tetrapods is 
associated with water-land transition. Broman (1920) suggested that the vomeronasal organ is 
homologous with the olfactory organ of fishes, and that the main olfactory organ evolved later as an 
adaptation to terrestrial life. In contrast, Bertmatr (1981) suggested that the vomeronasal organ evolved 
in tetrapods as an adaptation to terrestrial life. Eisthen (2000) examined three families of aquatic 
salamanders and found out that vomeronasal organ was present in amphiumid and sirenid families, but 
absent in proteid family. The amphiumids and sirenids are considered as plesiomorphic to the proteids 
(Larson and Dimmick 1993). Eisthen (2000) concluded that the vomeronasal organ is generally present 
in aquatic salamanders, and hypothesized that it arose in aquatic tetrapods, rather than as an adaptation 
to terrestrial life. The most recent research indicates that the most recent common ancestor of tetrapods 
was aquatic (e.g., Milner 1993, Clack 2002). In the larvae of D. pictus, the vomeronasal organ can be 
observed, although it appears relatively late in larval period. This thesis supports Eisthen's hypothesis 
that the most recent common ancestor of tetrapods was aquatic and possessed a vomeronasal organ, 
and that the vomeronasal organ was secondarily lost in some groups of tetrapods.      
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5.  CONCLUSIONS 
1. The nasal cartilages, including the inferior prenasal cartilage, are de novo adult structures. The 
only larva-derived structures of the adult nasal capsules are the posterior aspects of the solum 
nasi and septum nasi. 
 
2. The pattern of timing of chondrification of the anterior nasal cartilages more closely coincides with 
that of the neobatrachian species than that recorded for the pelobatid frog Spea. 
 
3. The pattern of development for the suprarostral cartilage, decribed here, differs from previous 
findings, and probably represents the ancestral anuran pattern. This pattern supports the idea 
that larval Type III closely resembles the tadpole of the hypothetical ancestral anuran. 
 
4. Although the details vary, the development of the postnasal wall in D. pictus follows the same 
general developmental pattern recognized for all other anurans. I also identified the 
developmental pattern for the ethmoid plate. However, available information concerning this 
complex anatomical structure is incomplete and its phylogenetic significance remains unclear. 
 
5. The nasal capsules of D. pictus  retain features that are plesiomorphic for the Anura; however, 
certain apomorphic features (arrangement of the fenestra nasobasalis and the crista intermedia) 
support the conclusion of some earlier investigators (e.g., Duellman 1975, Ford and Cannatella 
1993, Pugener et al., 2003) that Discoglossus and Alytes are more similar to each other than they 
are to either Bombina or Barbourula.  
 
6. The olfactory epithelium in larval D. pictus represents one continuous unit of tissue not divided 
into two separate portions. In D. pictus, and perhaps other discoglossids, the larval olfactory 
epithelium forms distinct ventromedial diverticulum embeded into roof of the buccal cavity. This 
particular arrangement may enhance chemosensory sampling during larval period and this 
diverticulum might be homologous with the ventral olfactory epithelium of Bufo. 
 
7. The vomeronasal organ develops during hindlimb development, which is comparatively late for 
anurans. The development of the vomeronasal organ in D. pictus  follows the same general 
developmental pattern recognized for neobatrachians. As with most anurans, the vomeronasal 
glands appear later than the vomeronasal organ. 
 
8. This thesis supports the hypothesis that the most recent common ancestor of tetrapods was 
aquatic and possessed a vomeronasal organ, and that the vomeronasal organ was secondarily 
lost in some groups of tetrapods.   
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